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I
PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Elliot Davis Lake Dam
State Located Missouri
County Located Howard County
Stream Tributary to Adams Fork
Date of September 14, 1978
I spection

Elliot Davis Lake Dam was inspected by an interdisciplinary team
of engineersf,,, Hek,-Wtz ... ....- The purpose of
the inspection was to make an assessment of the general condition of
the dam with respect to safety, based upon available data and visual
inspection, in order to determine if the dam poses hazards to human
life or property.

The guideline used in the assessment were furnished by the Depart-
ment of the Army, Office of the Chief of Engineers and developed with
the help of sev al Federal and State agencies, professional engineering
organizations,"and private engineers. Based on these guidelines, this
dam is classified as an intermediate size dam with a high downstream hazard
potential. Failure would threaten life and property. The estimated
damage zone extends three miles downstream of the dam. Within the
first two miles downstream of the dam are three to four houses, one
county road, one state road and one railroad crossing.

Our inspection and evaluation indicates that the spillway does
not meet the criteria set forth in the guidelines for a dam having
the above size and hazard potential. The spillway will not pass the
flood expected to be exceeded once in one hundred years without over-
topping the dam. The spillway will pass 17% of the Probable Maximum
Flood without overtopping the dam. The Probable Maximum Flood (PMF)
is defined as the flood that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions that
are reasonably possible in the region.

Seepage and stability analyses c parable to the requirements of the
"Recommended Guidelines for Safety Ins lection of Dams" were not available,
which is considered a deficiency. These analyses should be obtained in
the future.

Other deficiencies visually observed by the inspection team were
willows growing along the waterline on upstream slope, seepage emerging
from the toe of the dam near the right abutment, water ponded downstream 'I
of the dam in the area of the seep, dense growth of grass and rushes
enclosing the concrete weir inlet to the spillway, erosion around the
outlet end of the spillway, a reported break in the spillway pipe, and
the lack of an emergency spillway.

I
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i Several items of preventive maintenance need to be initiated by

the owner. These are described in detail in the body of the report.

I
ft 4/4

Harold P. Hoskins, P.E.
* Hoskins-Western-Sonderegger, Inc.
I Lincol n, Nebraska
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SECTION 1 - PROJECT INFORMATION

1.1 GENERALI '___ _

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the
St. Louis District, Corps of Engineers, Dictrict Engineer

directed that a safety inspection of the Elliot Davis Lake
I Dam be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of the dam with
respect to safety, based upon available data and visual
inspection, in order to determine if the dam poses hazards

i to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief
of Engineers, in "Recommended Guidelines for Safety Inspection
of Dams." These guidelines were developed with the help of
several Federal agencies and many State agencies, professional

I engineering organizations, and private engineers.

1.2 DESCRIPTION OF PROJECT

I a. Description of Dam and Appurtenances.

(1) This dam is an earth fill about 1050 feet in length and
42 feet in height. Topography around the dam is moderatelysteep. Materials on the slopes consist of loess or re-
worked loess soils underlain by limestone. Surface mate-

l rials in the dam are lean clays (CL).

(2) The spillway consists of a 30 inch diameter corrugated
metal pipe (CMP) riser connected to a 12 inch CMP outlet
passing through the dam and/or abutment on the right
(south) end.

(3) A 4 inch steel pipe with a valve at the downstream end
passes through the base of the dam at about centerline
station 7+00.

(4) Pertinent physical data are given in Paragraph 1.3 below.

b. Location. The dam is located in the central portion of Howard
County, Missouri, as shown on Plate 2. The dam is shown on
Plate I in the SW4 of Section 10, T5ON, R16W. The lake formed

by the dam is shown in the W of Section 10 and the Ek of
Section 9, T5ON, R16W.
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c. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines
referenced in paragraph 1.1c above. Based on these criteria,
this dam and impoundment is in the intermediate size category.

d. Hazard Classification. Guidelines for determining hazard
classification are presented in the same guidelines as referenced
in paragraph c above. Based on referenced guidelines, this dam
is in the High Hazard Classification. The estimated damage zone
extends three miles downstream of the dam. Within the first two
miles downstream of the dam are three to four houses, one county
road, one state road and one railroad crossing.

I e. Ownership. This dam is owned by Westown Lake, Inc., 124 East

Morrison, Fayette, Missouri 65248. Attention: John Edwards.

f. Purpose of Dam. The dam forms a 47 acre + recreational lake.

g. Design and Construction History. No design or construction data
were available. The dam was constructed in 1962 for Mr. Elliot
Davis. It was reported that materials for the dam came from
the reservoir area, that it has a foundation cut off and that
a sheepsfoot roller was used to compact the fill.

h. Normal Operating Procedure. There are no controlled outlet
works for this dam. No information was available on the
fluctuation of the lake level. It was reported that flow
passed over the top of the dam for about 2 hours in 1973.
This overtopping resulted from a 9 to 12 inch rain in the
area.

1.3 PERTINENT DATA

m a. Drainage Area - 0.55 sq. mi. (351.3 acres).

m b. Discharge at Damsite.

(1) All discharge at the damsite is through a 30 inch CMP
drop inlet pipe (capped with a 30 inch square concrete
weir) with a 12 inch CMP conduit outlet pipe.

(2) Estimated flood at damsite - 300 c.f.s.± in 1973; based on
estimated depths furnished by owner over the low portions
at the dam and using current rating.

(3) The principal spillway capacity varies from 0 c.f.s. atelevation 699 ft. to 7 c.f.s. at elevation 701.2 feet(low point on dam crest and maximum pool elevation).

(4) There is no emergency spillway.

1 -2-
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c. Elevations (Feet above M.S.L.)

l (1) Top of dam (low point) - 7nl.2; normal - 703.
(2) Principal spillway crest - 699.0.
(3) Emergency spillway crest - None.
(4) Streambed at centerline of dam - 660±.
(5) Maximum tailwater - unknown.

I d. Reservoir. Length of maximum pool - 3,600 ft.±.

e. Storage (Acre-feet).

I (1) Top of dam (701.2 feet) - 895.
(2) Normal pool (699.0 feet) - 778.

I f. Reservoir Surface (Acres)

(1) Top of dam - 51±.1 (2) Spillway crest - 47±.

g. Dam

l (1) Type - Earth embankment.
(2) Length - 1050 feet±.
(3) Height - 42 feet±.
STop width- 18 feet.

Side Slopes.

Ia Downstream - 3*.IH to 3.5H on IV (measured)
b Upstream - Exposed section - 3.8H on IV (measured)

Reported to be 4H on IV

m (6) Zoning - Unknown.
7) Impervious Core - Unknown.
8) Cutoff - Reported as present.
(9) Grout curtain - unknown.

(10) Wave Protection - Riprap, limestone rock.

h. Diversion and regulation - None

i. Spillway

l (1) Principal

(a) Type - 30 inch CMP drop inlet with concrete weir
cap and 12 inch CMP outlet conduit.

(b) Size of weir - 30 inch square opening.
(c) Crest elevation - 699.0 feet, M.S.L.

C2) Emergency - None.

1 j. Regulating Outlet - None.

l -3-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

No design data were available.

2.2 CONSTRUCTION

The dam was constructed in 1962. No construction data were avail-
able. It was reported that the embankment was compacted with1 sheepsfoot rollers.

2.3 OPERATION

No data on operation of the spillway were available. It was
reported that the dam overtopped in 1973.

2.4 EVALUATION

a. Availability. No data were available.

I b. Seepage and Stability Analyses. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines

i for Safety Inspection of Dams" were not available which is con-
sidered a deficiency. These seepage and stability analyses
should be performed for appropriate loading conditions (includ-
ing earthquake loads) and made a matter of record.

A
I
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SECTION 3 - VISUAL INSPECTION

i 3.1 FINDINGS

a. General. A visual inspection of Davis Lake Dam was made on
September 14, 1978. Engineers from Hoskins-Western-Sonderegger,
Inc., Lincoln, Nebraska making the inspection were: Rey Decker,
Geology and Soil Mechanics; Garold Ulmer, Civil Engineer;
Richard Walker and Gordon Jamison, Hydrology. Specific obser-
vations are discussed below.

m b. Dam. Rough measurements along the crest of the dam indicate
that the ends of the dam are 1 to 2 feet lower in elevation than
the central section of the dam.

The upstream slope appears to be quite flat (measured at 3.8H on
1V) and is covered from the waterline down with durable limestone

* riprap up to 36 inches in diameter. No bedding material was
N noted under the riprap. A few small willows were observed along

the waterline. No excessive erosion was noted on the upstream
slope. The downstream slope is covered with a dense growth of

*grasses and clover that made it difficult to evaluate surface
conditions. The abutments are mantled with silty clay (CL)
soils. However, limestone bedrock outcrops at and above the water

m level toward the upper end of the lake. No animal burrows, cracks,
slides or abnormal deformations were noted on the embankment or
abutments.

A fairly large seepy area, approximately 20x75 feet in size, was
observed at the downstream toe of the dam near the right abut-
ment-embankment trough downstream from about center line station
8+50 (see Appendix C for stationing). Water was ponded in thelower part (approximately 20x20 feet) of this area and the ground

surface was very unstable.

c. Appurtenant Structures. The principal spillway consists of a 30
inch corrugated metal riser connected to a 12 inch CMP outlet
passing through the dam or abutment at about E station 10+50. A
dense growth of tall grass and rushes encloses the screen around
the concrete weir inlet to the spillway. The spillway outlets
on the right abutment about 13 feet above the elevation of the
valley floor. A hole about 20 feet in diameter has eroded around
the outlet end and exposed about 4 feet of the spillway pipe. The
exposed c/m pipe appeared to be in good condition. However, it
was reported by one of the owners that the 12 inch spillway
conduit pipe is broken and leaks. Leakage from the spillway out-
let could contribute to the seep area along the toe of the dam.

The water level in the reservoir was at the elevation of the
spillway weir crest at the time of inspection with a slight
trickle of water discharging from the spillway outlet.

-5-I
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A 4 inch steel pipeline passes through the base of the dam at
about center line station 7+00. This pipeline outlets near the
downstream toe of the dam and is controlled by a valve at the
outlet end. It was reported that this valve is opened once or
twice each year to be sure that it is operable.

d. Reservoir Area. No wave wash, excessive erosion or slides
were noted along the shoreline of the reservoir.

e. Downstream Channel. The spillway outlets onto a well vegetated
slope and thence into a wooded channel approximately 400 feet
downstream from the dam.

f. Downstream Hazards. Downstream hazards are described in
Section 5. In addition to those in Section 5, it was noted
that a sewage lagoon approximately 250 x 50 feet is located
in the valley floor downstream from about ( station 7+00.
It was reported that additional lagoons are to be constructedadjacent to the present lagoon. L

I 3.2 EVALUATION :

I The erosion around and leakage in the spillway outlet could lead
to potential of failure if left uncorrected. Additional studies
would be required to determine the affect of seepage on stability
of the dam. The flat side slopes on this embankment would
ordinarily provide adequate safety against shear failures for a
dam of this height.

I

C.
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SECTION 4 - OPERATIONAL PROCEDURESI

4.1 PROCEDURES

1 There are no controlled outlet works for this dam. It was reported
that water flowed over the top of the dam in 1973.

I 4.2 MAINTENANCE

The growth of small trees and shrubs on the upstream face of the
3 dam, heavy grass growth on the downstream slope, erosion at the

spillway outlet, and reported leaks in the spillway conduit
indicate the lack of regular maintenance.

I 4.3 MAINTENANCE AND OPERATING FACILITIES

No operating facilities exist at this dam.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

The inspection team is not aware of any warning system in effect
for this dam.

i 4.5 EVALUATION

A potential of failure may result if deficiencies in the spillway
and control of tree growth on the upstream face are not corrected.

m
l
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

I a. Design Data. No design data were found for this dam.

b. Experience Data. The drainage area, lake surface area, and
elevation-storage data were developed from the USGS Fayette,
1o. 7 1/2 minute topographic quadrangle map. The hydraulic
computations for spillway and dam overtopping discharge
ratings were based on data obtained from surveys made at the
time of the field inspection.

I c. Visual Observations.

(1) The principal spillway outlet channel is eroded and the
*approach to the weir is blocked by heavy grass matted

against the protective fence. It was also reported that
the spillway outlet conduit is broken and leaks.

d. Overtopping Potential. The principal spillway is too small to
pass either the 1O0-year or one-half probable maximum flood
without overtopping. The principal spillway will pass the
0.17 PMF without overtopping the dam. The results of the
routings through the reservoir are tabulated in regards to
the following conditions.

Peak Peak Freeboard Time
Inflow Outflow Maximum Top of Dam Dam
Discharge Discharge Pool Min. Elev. Overtopping

Frequency c.f.s. c.f.s. Elevation 701.2 Hrs.

100-Yr. 690 110 701.8 -0.6 14+

1/2 PMF 1660 1400 702.9 -1.7 14+

PMF 3340 3220 703.5 -2.3 15+

0.17 PMF 530 9 701.2 0 - A

According to the recommended guidelines from the Department of
the Army, Office of the Chief of Engineers, this dam is classi-
fied as having a high hazard rating and a intermediate size.
Therefore, the PMF is the test for the adequacy of the dam and
its spillways.

I The St. Louis District, Corps of Engineers, in a letter dated

11 August, 1978 has estimated the damage zone as extending three
miles downstream from the dam. Within the damage zone are three
to four homes, one county road, one state highway and one rail-
road crossing.

i -8-
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

i a. Visual Observations. Visual observations of features which
could adversely affect structural stability of this dam are
discussed in Section 3.

b. Design and Construction Data. No data were available.

c. Operating Records. There are no controlled outlets for thisd. iPscu se Co n sr ction Ch n 
.

m d. Post Construction Changes. The inspection team is not aware
of any post construction changes on this dam.

m e. Seismic Stability. This dam is located in Seismic Zone 1.
An earthuae of this magnitude is not expected to cause a
structural failure of this dam.

I
I
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l SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENTI ,
a. Saf L. The erosion and reported leakage associated with the

spi11way outlet should be corrected. The flatter than normal
embankment slopes should provide adequate safety against shear
failures in a dam of this height. However, additional studies
would be required to determine the effects of the observed
seepage on the stability of the dam. The floods caused by
the 100-year storm will overtop the dam to a depth of 0.6
foot and the 0.5 probable maximum flood will overtop the damto a depth of 1.7 feet.

b. Adequacy of Information. Due to the lack of engineering data,
the conclusions in this report are based upon performance
history and visual observations. These data are considered
sufficient to support these conclusions. Neither seepage nor
stability analysis were found which is a deficiency that should
be corrected in the future.

c. Urgency. The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. If the deficiencies
in the present spillway listed in paragraph "a" are not
corrected, they could ultimately lead to potential of failure.

d. Necessity for Phase II. Phase II investigations do not seem
to be necessary. However, additional engineering data should
be obtained at the owner's expense to evaluate the effects of
seepage on the stability of the dam.

e. Seismic Stability. An earthquake of the magnitude expected

in this area should not be hazardous to this dam.

7.2 REMEDIAL MEASURES

a. Alternatives.

(1) Raising the low sections on each end of the dam up to the
normal crest elevation of 703 would prevent overtopping
by the 0.5 PMF.

(2) An emergency spillway should be constructed to pass the
probable maximum flood without overtopping the dam.

(3) If the present spillway is to remain in service, the
outlet pipe should be repaired. The erosional damage
at the outlet end of the spillway should be corrected
and measures taken to control erosion from future spill-
way discharges.

-10-
4



(4) Seepage and stability analyses comparable to the require-
ments of the guidelines should be performed.

I (5) The services of an engineer experienced in the design of
dams should be obtained to evaluate seepage and stability
conditions and to design the new spillway and/or modifi-
cations to the embankment that are required to prevent
overtopping of the dam and erosion from spillway discharges.

m b. 0 & M Maintenance and Procedures.

(1) The deficiencies in the present spillway and the tree
I growth on the upstream face of the dam should be corrected.

(2) Mowing the downstream slope of the dam would allow better
evaluation of downstream slope conditions.

(3) A schedule of regular inspection and maintenance should
be initiated. Maintenance measures should include
control of vegetation on the structure and of excessive
erosion in the present and/or new spillway.

I
I
I
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PHOT U NO. 2

* *, OPPOSITE STA. 8+85

PHOTO NO. 3
OVERVIEW OF DAM

- TAKEN UPSTREAM
FROM RIGHT ABUTMENT.

1 PHOTO NO. 4
PRINCIPAL SPILLWAYINLET.
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PHOTO NO. 5
DOWNSTREAM SLOPE
OF DAM.

PHOTO NO. 6
OUTLET END OF
PRINCIPAL SPILLWAY

#IL

PHOTO NO. 7
* ! OUTLET END 4" PIPE

i;; WITH VALVE CONTROL

.". .
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PHOTO NO. 8
LOOKING DOWNSTREAM
FROM CENTERLINE
STATION 7+00

PHOTO NO. 9
LOOKING UPSTREAM
ACROSS RESERVOIR
FROM STATION 7+00.

PHOTO NO. 10
UPSTREAM SLOPE
FROM LEFT ABUTMENT.

!j



PHOTO NO. 11
CREST OF DAM
TAKEN FROM
LEFT ABUTMENT
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I
p HYDROLOGIC COMPUTATIONS

1. The Mockes dimensionless standard curvalinear unit hydrograph and
the SCS TR-20 program were used to develop the inflow hydrographs (see
Plate Dl). The inflow hydrograph for the 100-year flood was generated
by the consultant using the TR-20 program.

a. Six-hour, twelve-hour, and twenty-four hour 100-year rainfall
for the dam location was taken from NOAA Technical Paper 40. The 24-
hour probable maximum precipitation was taken from the curves of Hydro-
meteorological Report No. 33 and current Corps of Engineers and St.
Louis District policy and guidance for hydraulics and hydrology.

Ib. Drainage area = 0.55 square mile.

c. Time of concentration of runoff = 31 minutes.

I d. The antecedent storm conditions were heavy rainfall and low
temperatures which occurred on the previous 5 days (SCS AMCIII). The
initial pool elevation was assumed at the crest of the principal spillway.I

e. The total 24-hour storm duration losses for the 100-year storm
were 1.14 inches. The total losses for the 24-hour duration 1/2 PMF
storm were 1.23 inches. The total losses for the PMF storm were 1.27
inches. These data are based on use of soils groups B and D; grazing,
homesites, and woodlands weighted to produce SCS input runoff curve
No. 79 from SCS AMCII converted by TR-20 to computed curve No. 90.4
SCS AMCIII.

f. Average soil loss rates = 0.05 inch per hour approximately.

2. The weir/drop-inlet discharge ratings were developed using standard
formulas. The flows over the dam crest were based on the broad-crestedI weir equation Q = CLH 3/2, where H is the head on the dam crest; the
coefficient C, which varies with head, was taken from the USGS publication
"TWRI, Book 3, Chapter 5, Measurement of Peak Discharge at Dams by

I Indirect Methods" (C values varied from 2.52 to 3.04). Sample calcula-
tions are attached.

3. Floods were routed through the reservoir using the TR-20 program to 4

determine the capabilities of the spillway and dam embankment crest. The
unit hydrograph computation duration interval is computed as 0.17 Tc by
the TR-20 program. Copies of the input-output data from the TR-20
program used to develope the hydrographs for the PMF, 0.5 PMF, and 100-
year flood are attached. The storm rainfall patterns, inflow hydrographs
and routed outflow hydrographs are shown on Plate D1.I

I!
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